. supplemented with Difco yeast extract (0.4%), sodium acetate (0.2%), and peptone (0.5%). The cells were harvested by centrifuging at 10OOg for 5 min, suspended in tris-HCI buffer, pH 7.4, 0.1 M at 0 C, then disintegrated by means of a Dawe Soniprobe supersonic oscillator operating at 150 w for 1.5 min. The extract was centrifuged at 18,000g for 10 min, then desalted by passing through a column of Sephadex G-25 previously equilibrated with tris-HCl (pH 7.4, 0.05 M).
stabilizing the "4CO2 fixed and producing an apparent activation. Similarly, in the presence of aspartate, we would expect an isotope exchange reaction between oxaloacetate and aspartate to produce an apparent activation. To check this explanation of the apparent stimulation, we have examined the effect of aspartate and glutamate on oxaloacetate formation by coupling with malate dehydrogenase and by a direct assay in which the formation of oxaloacetate is measured at 270 nm.
The basic similarity of living organisms is reflected in their biochemistry, and the major metabolic pathways are common to all living organisms. The diversity of living organisms is reflected in their specialized control systems. Thus P-enolpyruvate carboxylase from microorganisms is activated by acetylCoA (1) and sometimes by fructose 1.6-diP (9) ; it is inhibited by aspartate and sometimes by organic acids (6) . On the other hand, the enzyme from higher plants is not activated by acetylCoA but is activated by sugar phosphates and inhibited by glutamate, aspartate, and Krebs cycle acids (12, 13) . Consequently, the report (5) (11). supplemented with Difco yeast extract (0.4%), sodium acetate (0.2%), and peptone (0.5%). The cells were harvested by centrifuging at 10OOg for 5 min, suspended in tris-HCI buffer, pH 7.4, 0.1 M at 0 C, then disintegrated by means of a Dawe Soniprobe supersonic oscillator operating at 150 w for 1.5 min. The extract was centrifuged at 18,000g for 10 min, then desalted by passing through a column of Sephadex G-25 previously equilibrated with tris-HCl (pH 7.4, 0.05 M).
For the enzyme coupled assay of P-enolpyruvate carboxylase, the extract (0.2 ml) was incubated with tris-Cl buffer (pH 7.0, 0.1 M) or Na MES (pH 6.8, 0.1 M), MgCl2 (16.66 mM), NaHCO, (10 mM), NADH (0.4 mg) in a final volume of 3 ml. P-enolpyruvate, malate dehydrogenase (5 ,ug, 3 units), and metabolic effectors were added as indicated in the legends to the figures and changes in absorbance were measured at 340 nm with a Unicam SP 500 spectrophotometer.
The conditions for the direct assay of oxaloacetate formation at 270 nm were as for the coupled enzyme assay except that NADH and malate dehydrogenase were omitted.
Figure lA shows that phosphate activates the formation of oxaloacetate (as judged by AE27O) while aspartate inhibits the formation of oxaloacetate. Glutamate, on the other hand, removes virtually all the oxaloacetate (presumably by transamination) and we are unable to conclude from this experiment whether glutamate is an activator or inhibitor of oxaloacetate formation. However, Figure 1 B (12, 13) .
To support our argument that the activation of P-enolpyruvate carboxylase by glutamate, reported by Jones and Chen (5) is apparent rather than real, we have repeated and extended their experiments. We have confirmed their results, but as expected on the basis of our interpretation, the counts associated with the apparent stimulation can be removed by Dowex 50, eluted from the resin with ammonia and identified as aspartate by cochromatography on filter paper (Table II) .
Furthermore, the extent of the apparent stimulation can be increased by exposing the scintillating vials to light before counting. This enhancement of an artefact is probably due to the fact that light stimulates the decarboxylation of a-oxoacids in the presence of scintillators (3) .
We have examined the activation by Pi and the results are shown in Figure 2A . At low concentrations of P-enolpyruvate, Pi does not activate but maximum activation by Pi is attained when the enzyme is saturated with P-enolpyruvate. The activation by Pi is time-dependent, that is, there is a lag before full )N IN CHLAMYDOMONAS 1143 Table II . Effect of Glutamate oni CO2 Fixationz by ant Extract of C. reinihardtii The assay system was as described for the direct assay of oxaloacetate except that NaH '4CO3 (0.1 mc) was added to give a final specific radioactivity of 3 c/mole. The reaction was started by the addition of 1.2 mg of protein, and after 1 hr was stopped and assayed for radioactivity as described by Jones and Chen (5), precautions being taken to keep the counting vials in the dark prior to counting. Amino acids were removed by treatment with Dowex 50. In a second series of experiments, the counting vials were exposed to light prior to counting. All values are given as the mean of four determinations. Appar 5 min before the addition of substrate. B: time of incubation: A: assay system minus NaHCO3; 0: Pi (13.3 mM) + NaHCO3 (10 mM) added at to; *: Pi (13.3 mM) + NaHCO3 (10 mM) added after 1 min; A: Pi (13.3 mM) + NaHCO3 (10 mM) added after 2 min. activation is achieved and the length of the lag increases with the time of incubation in the presence of phosphoenolpyruvate (Fig. 2B) . These results are consistent with a simple model (7) which may be represented
The enzyme is assumed to exist in two forms, the R form being catalytically more active than the T form. Pi is then seen to exert its effect by favoring the formation of the R form. The relatively slow interconversion of the two forms appear to be an example of what Frieden (4) has called hysteresis. Chen and Jones (2) have demonstrated that Chlamydomonas contains two forms of P-pyruvate carboxylase which differ in molecular weight and kinetic properties. It is interesting to speculate that these two forms are equivalent to the R and T species postulated in our model-in which case the mechanism of interconversion will involve polymerisation-depolymerisation rather than a simple change in configuration. 
